ABSTRACT Flights of univoltine mole crickets are usually female biased and peak during spring and autumn. A male Gryllotalpa africana Palisot de Beauvois song recording was broadcast weekly at 93.7 dB (200 mm from speakers, 20 Pa) just after sunset for 1.5 h over an annual period. Attracted individuals (conspeciÞcs) were sexed and females were dissected. Temperatures were measured at each sampling date, and moon phase was recorded. Adult G. africana ßew to the song broadcast from spring to autumn, with activity peaking mid-spring and again in late summer to early autumn. Spring ßights were characterized by a signiÞcant female bias, whereas sexes were present in equal proportions during summer and autumn. The monthly sex ratio of ßying individuals was not signiÞcantly different from that of mole crickets sampled in the Þeld. Flying females were only reproductively mature in spring to early summer and contained eggs beginning in late spring. Eggs per ßying female declined into summer. Flight activity and gender of G. africana were signiÞcantly positively related to temperature, with air temperature showing the highest degree of correlation. Moon phase showed no signiÞcant relationship with the total number of ßying individuals or that of genders.
MOLE CRICKETS OCCUPY TEMPORARY habitats and ßights are therefore adaptive to individuals (Ulagaraj 1975) . Members of the genus Scapteriscus, in geographical areas where the life cycle is univoltine, have ßight periods that generally peak in spring and autumn (Ulagaraj 1975 , Potter 1998 . Dispersal ßights (Forrest 1986 ) and mating generally occur during spring (Ulagaraj 1975, Walker and Nation 1982) . Autumn ßight is usually less pronounced (Ulagaraj 1975) , but mating may take place and sperm be stored (in the female spermatheca) for egg fertilization in spring (Walker and Nation 1982) . Autumn ßight also may be used to Þnd suitable overwintering sites or simply for dispersal (Ulagaraj and Walker 1973, Potter 1998) . ConspeciÞcs are attracted to and end their ßights at stridulating males. Predatory selection pressures (from visual diurnal predators; e.g., birds) and energetic constraints on ßight may be responsible for aerial activity generally occurring at the warmest dark time, i.e., soon after sunset (Forrest 1983) . Synchronous, early evening ßight also may have evolved to enhance the dilution effect to escape nocturnal predators (e.g., bats) (Hamilton 1971 , Forrest 1983 . The sex ratio of ßying adults is female biased (Ulagaraj 1975 , Forrest 1983 , Matheny et al. 1983 . Mean sex ratios of Scapteriscus species collected in acoustic traps vary from 3.3 to 7.5 females per male (Matheny et al. 1983 ) and a mean of 83% of ßying individuals has been reported as females over a 2-yr period (Ulagaraj 1975) . Female mole crickets with oocytes covered by an egg shell (vitelline membrane and chorion), will deposit them in about a week (Potter 1998) . Ulagaraj (1975) showed that males of Scapteriscus borellii Giglio-Tos tend to land outside a 0.6-m radius from the source of a male song, consistent with Matheny et al. (1983) and Walker and Forrest (1989) , who found the sex ratio of Scapteriscus to be less female inclined as landing distance from the sound source increased. This phenomenon was constant at different relatively high song intensities (Walker and Forrest 1989) . Ulagaraj and Walker (1973) hypothesized that mated and virgin females end their ßights similarly; however, virgin females enter male burrows and mated females burrow elsewhere. Goodyer (1985) documented swarming of Gryllotalpa africana Palisot de Beauvois in New South Wales, Australia. The study, however, probably did not refer to the "true" G. africana from Africa (Otte and Alexander 1983, Townsend 1983) . In Hwaseong-gun, Kyonggi-do Korea, Kim (1993) reported 66.7Ð74.3% of attracted G. africana to be female. He suggested the latter value to reßect the sex ratio of the Þeld population. The study of Kim (1993) probably also referred to a gryllotalpid species other than G. africana (Townsend 1983) . Because ßight seems to be part of a seasonal reproductive life cycle (Potter 1998) and is endothermic (Ulagaraj 1975 , Forrest 1983 ) similarities in geography, life cycle, and seasonal development of winged mole crickets (of different species) may show a higher level of ßight pattern resemblance than similar species in different geographical areas.
The objectives of this study were to evaluate the annual ßight pattern of G. africana in the study area and ascertain whether ßight is correlated to certain abiotic factors. Gender composition and female reproductive status of ßying individuals also were investigated.
Materials and Methods
All data in the text are presented as mean Ϯ SD, unless stated otherwise.
Mole Cricket Recording. A recording of a stridulating G. africana male was made on a kikuyu grass, Pennisetum clandestinum Hochst Ex Chiov., area at the University of Pretoria (25Њ 45.24Ј S; 28Њ 13.87Ј E), Pretoria, Gauteng, South Africa on 3 October 2001 (2030 local time [GMT ϩ 2 h]) at an average ambient and soil temperature of 20.1 (100 mm vertically above surface) and 20.0ЊC (at a vertical depth of 100 mm in the soil proÞle), respectively. The song was recorded in the near Þeld with a Rion (Tokyo, Japan) NL-14 sound level meter (held 50 mm from the burrow opening, longitudinal to the long axis of the burrow) on a Sony (Tokyo, Japan) DAT tape with a Tascam (Watford, Herts, United Kingdom) DA-P1 digital audio tape recorder. The sound recording was Þltered under 1 and above 8 kHz with a Brü el & Kj¾r (N¾rum, Denmark) type 2131 digital frequency analyzer and saved on compact disc. The recording was analyzed using the computer software program "Canary" version 1.2.4 (Cornell Laboratory of Ornithology 1998). The call characteristics (carrier frequency, syllable period, and syllable duration) were determined from 30 syllables, comprising of 10 successive syllables randomly selected at the beginning, middle, and end of the recording, respectively. The following results were obtained: carrier frequency, 2315.8 Ϯ 2.2 Hz; syllable period, 14.8 Ϯ 0.1 ms; and syllable duration, 9.5 Ϯ 0.2 ms. Intersyllable interval, syllable repetition rate, and duty cycle were calculated as 5.3 Ϯ 0.1 ms, 67.7 Ϯ 0.3 syllables per second, and 64.1 Ϯ 0.9%, respectively (see Moore 1989 for calculation).
Acoustic Parameters. A Sansui (Tokyo, Japan) PRC-D450Z portable CD player, powered by 12-V, 7.0-amp-hour lead acid rechargeable batteries (Uniross ULA12V7), was used to broadcast the song recording continuously (at a constant volume setting) during the sampling period from just after sunset for 1.5 h. Starting time was calibrated monthly. The sound pressure level produced was quantiÞed with a precision integrating sound level meter (Rion type NL-14), calibrated by a Rion type NC-73 sound level calibrator (equipment was within annual calibration). The sound level meter was used in L Aeq mode, which records the time-weighted average of a series of fast root mean square recordings (time constant 125 ms). This gave the A-weighted sound pressure level (dB A scale) (at 20 Pa) that was the equivalent continuous level as the ßuctuating signal being recorded. A period of Ϸ20 s was sufÞcient to provide a stable level for the G. africana recording. The instrument showed a level of 93.7 dB at 200 mm (beyond the near Þeld) from the center, mid way between the two speakers. The portable CD player was moved randomly at 30-min intervals between infested areas at each calling date.
Measurement and Sampling. The experiment was conducted weekly at Pretoria Country Club for 12 mo (November 2001ÐOctober 2002 . Soil (at a vertical depth of 100 mm in the soil proÞle) and ambient (100 mm vertically above surface) temperatures were measured at half-hour intervals and averaged per night. A 2-m radius surrounding the CD player (assumed to provide no error in the number of males and/or females attracted) was inspected at 5-min intervals and attracted individuals collected and sexed. Adult females were dissected to determine egg presence per sampling date. Oocytes were deemed mature (eggs) when covered by an egg shell (vitelline membrane and chorion). Moon phase was calculated in a linear manner as a percentage of full moon per sampling date. Relative humidity was not included as an independent variable because sampled areas were under similar irrigation programs.
Deviation from an equal sex ratio was investigated using the two-tailed binomial distribution (Sokal and Rohlf 1997; Statistica, StatSoft Inc. 1995) . Analysis was conducted for each sampling date that attracted mole crickets (27 in total). The Bonferroni method was used to lower the type I error probability for each comparison, resulting in an overall signiÞcance level not exceeding 0.05 in the entire series of tests (Sokal and Rohlf 1997) . The signiÞcance level for each ßight sample was calculated as P ϭ 0.002 (P ϭ 0.05/27 comparisons).
Results
Adult Responses. Adults responded through phonotaxis to the male song recording throughout the year, except during winter (Fig. 1) . The number of individuals attracted (from sunset for 1.5 h) peaked during February to March (late summer to early autumn) and October (mid-spring), with the maximum mean absolute response in February (Fig. 1) . The greatest response per sampling date occurred in late October 2002, with 40 individuals attracted. The phonotactic response was variable throughout the sampling period. The lowest and highest levels of variation were found in January 2002 and October 2002, respectively (Fig. 1) .
Female Reproductive Status. Periods of female reproductive activity and the sex ratio of ßying G. africana over an annual period are summarized in Table 1 (Table 1) . Variance in the monthly (oocyte containing females) data was high, but means generally follow a progressive pattern during the sampling period (Table 1) . Flying females containing eggs (ranging from 2.5 to 3.5 mm in length) were sampled in September and November to February (September 2002 and November 2001 to February 2002 (Table 1) . Means were variable but show that during the early spring ßight period (Fig. 1) , females usually did not contain fully developed eggs (Table 1) (Table 1) . Table 1 summarizes the monthly mean (ϮSD) percentage males of the ßying adults over 12 mo. The sex ratio of ßying adults was female biased in two of three samples when mole crickets were attracted in September 2002 (date 1: 0.0% males, P ϭ 1.0, N ϭ 1; date 2: 0.0% males, P Ͻ 0.001, N ϭ 11; and date 3: 0.0% males, P Ͻ 0.001, N ϭ 12). Females also tended to be more abundant than males in one of three samples (when mole crickets were attracted) in October 2002 (date 1: 25.0% males, P ϭ 0.63, N ϭ 4; date 2: 7.5% males, P Ͻ 0.001, N ϭ 40; and date 3: 20.0% males, P ϭ 0.38, N ϭ 5).
Field (De Graaf et al. 2004 for detailed information) and ßight (Table 1 ) sex ratio data (as a male percentage, respectively) were normally distributed in the linear scale (Sokal and Rohlf 1997) (Sokal and Rohlf 1997) showed no signiÞcant difference between the Þeld and ßight sex ratios of mole crickets at Pretoria Country Club (t ϭ Ϫ2.40; df ϭ 1, 6; P ϭ 0.05) (Statistica, StatSoft Inc. 1995) .
Flight Patterns. Counts of male, female, and total numbers of adult mole crickets attracted to the recorded song were signiÞcantly different from the normal distribution (KolmogorovÐSmirnov test, P Ͼ 0.05) (Statistica, StatSoft Inc. 1995) in linear and transformed states (Sokal and Rohlf 1997) . Hence, the nonparametric Spearman correlation (Sokal and Rohlf 1997; Statistica, StatSoft Inc. 1995) was used to quantify relationships between ßying individuals and air temperature, soil temperature, and moon phase at Pretoria Country Club ( Table 2 ). The Bonferroni Values are presented as mean Ϯ SD. Sex ratio presented as the percentage males of the ßying population. Immature oocytes Ͻ2.5 mm and mature oocytes (eggs) Ͼ2.5 mm. *P Ͻ 0.001 in at least one sample (see Results) (two-tailed binomial distribution, Bonferroni correction; P ϭ 0.05/27 ϭ 0.002).
method was used to correct for the number of comparisons with each independent variable (P ϭ 0.05/ 3 comparisons ϭ 0.02) (Sokal and Rohlf 1997) . Table 2 shows a signiÞcant correlation of overall (males ϩ females) ßight density with ambient and soil temperature. Air temperature explained more variation in overall ßight activity than soil temperature, with r 2 values of 0.48 and 0.29, respectively (Table 2) . Moon phase was not signiÞcantly correlated with overall ßight activity ( Table 2 ). Gender segregation of the ßying individuals revealed similar signiÞcance of results with air and soil temperature (Table 2) . Of the independent variables, air temperature explained the majority of variance in the number of ßying males and females, with r 2 values of 0.42 and 0.45, respectively (Table 2) . Comparatively, soil temperature explained 35 and 24% of the variability in the number of ßying males and females, respectively (Table 2) . Flight threshold in the Þeld was an ambient temperature of 14.5ЊC (at 100 mm vertically above the surface) (data not shown).
Discussion
The African mole cricket ßew during the moderate and warm seasons (spring to autumn [SeptemberÐ May]) at ambient temperatures that exceeded 14.5ЊC. Flying individuals peaked in late summer to early autumn and mid-spring. Crickets prepared for ßight by warming their ßight muscles (raising and then rapidly moving their tegmina laterally), followed by several ßight leaps of Ϯ 300 mm (unpublished data). Females generally ßew during early to mid-spring, with vitellogenesis also occurring during this period. From late spring, roughly one in 10 ßying females contained mature eggs. As the ßight activity declined in early to midsummer, females that contained immature and mature eggs occurred at relative equal proportions. The data suggest that clutch size (as the number of eggs per ßying female) decreased as the late spring to early summer ßight period progressed. During spring and early summer, the most ßying females were reproductively mature (contained developing oocytes or mature eggs). A small proportion of females ßying in late summer also contained mature eggs. No ßying females were reproductively mature in autumn (no oocyte vitellogenesis occurred). The reproductive information of ßying individuals combined with the seasonal life cycle and ontogenic stage occurrences in the Þeld (De Graaf et al. 2004) , indicate individuals ßying from September to February were individuals that overwintered as late instars and adults. In early spring, the proportion of females with mature eggs was higher in Þeld-collected than ßying females (De Graaf et al. 2004 ). This may either reßect small ßight sample sizes or the fact that females with immature oocytes tend to ßy. Some newly developed adults probably initiate ßying in February (De Graaf et al. 2004) . Overwintered adults seemed to be dead by March (De Graaf et al. 2004 ) and females ßying from March to May may therefore comprise newly developed adults. From a more holistic point of view, it seemed that females did not ßy as a response to being reproductively mature or containing mature eggs.
The sex ratio of ßying individuals as determined by the calling song was signiÞcantly female biased in September and October. The remainder of the ßight period was not signiÞcantly gender biased, although more females were usually collected. The sample sizes of ßying individuals were relatively small, but monthly sex ratios were not signiÞcantly different from those found in the Þeld.
Flight activity and moon phases were not signiÞ-cantly correlated over the study period. Flight activity was, however, signiÞcantly positively related to temperature. Air temperature (at 100 mm vertically above the surface) was more closely correlated to male, female, and overall ßight activity than was soil temperature, accounting for 42, 45, and 48% of the variation in the data, respectively. Flight activity also showed a general decline during the nightly sampling period (as temperatures decreased) [as reported by Forrest (1983) for Scapteriscus spp.), with the majority of G. africana individuals usually attracted during the Þrst 45 min of sampling, which were associated with the highest nightly temperatures.
Only G. africana adults ßew to the conspeciÞc male song broadcast and attempted to burrow in the turf near the sound origin (unpublished data). Females ßying in autumn are probably attracted to male calls for mating and/or dispersal and to Þnd suitable overwintering sites. Spring ßights are probably for egg Spearman correlation of the no. flying G. africana males, females, and total individuals, with ambient laying and/or mating, and dispersal to other favorable areas. One male was observed ßying to the sound source in early February 2002, after which it started stridulating on the turf surface, 1 m away. During the ßight period, males may therefore not only be attracted to other male calls for distribution, good calling areas, overwintering sites and also to form temporal calling aggregations (sprees) (Walker 1983 ) but also to intercept attracted females. Nymphs also approached the natural song broadcast (during late January, mid-March, and the end of September), possibly to disperse to other favorable turf areas.
